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Integrated-Circuit 
Devices and Modelling 



In this chapter, the operation and modelling of semiconductor devices are described. 
Although it is possible to do simple integrated-circuit design with a basic knowledge 
of semiconductor device modelling, for high-speed state-of-the-art design, an in- 
depth understanding of the second-order effects of device operation and their model- 
ling is considered critical. 

It is assumed that most readers have been introduced to transistors and their basic 
modelling in a previous course. Thus, fundamental semiconductor concepts are only 
briefly reviewed. Section 1.1 describes pn junctions (or diodes). This section is 
important in understanding the parasitic capacitances in many device models, such as 
junction capacitances. Section 1.2 covers MOS transistors and modelling. It should be 
noted that this section relies to some degree on the material previously presented in 
Section 1.1, in which depletion capacitance is covered. Section 1.4 covers bipolar- 
junction transistors and modelling. A summary of device models and important equa- 
tions is presented in Section 1 .5. This summary is particularly useful for a reader who 
already has a good background in transistor modelling, in which case the summary 
can be used to follow the notation used throughout the remainder of this book. In 
addition, a brief description is given of the most important process-related parameters 
used in SPICE modelling. Finally, this chapter concludes with an Appendix contain- 
ing derivations of the more physically based device equations. 



1 . 1 SEMICONDUCTORS AND pn JUNCTIONS 

A semiconductor is a crystal lattice structure that can have free electrons (which are 
negative carriers) and/or free holes (which are an absence of electrons and are equiva- 
lent to positive carriers). The type of semiconductor typically used is silicon (com- 
monly called sand). This material has a valence of four, implying that each atom has 
four free electrons to share with neighboring atoms when forming the covalent bonds of 
the crystal lattice. Intrinsic silicon (i.e., undoped silicon) is a very pure crystal structure 
having equal numbers of free electrons and holes. These free carriers are those electrons 
or holes that have gained enough energy due to thermal agitation to escape their bonds. 
At room temperature, there are approximately 1 .5 x 10 carriers of each type per cnr , 
or equivalently 1.5 x 10 16 camers/m 3 . The number of carriers approximately doubles 
for every 1 1 °C increase in temperature. 
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